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Performance of the K ¥ ion diode in the 2 MV injector for heavy ion fusion

F. M. Bieniosek,® E. Henestroza, and J. W. Kwan
Lawrence Berkeley National Laboratory, Berkeley, California 94720

(Presented on 6 September 2p01

Heavy ion beam inertial fusion driver concepts depend on the availability and performance of
high-brightness high-current ion sources. Surface ionization sources have relatively low current
density but high brightness because of the low temperature of the emitted ions. We have measured
the beam profiles at the exit of the injector diode, and compared the measured profiles with EGUN
and WARP-3D predictions. Spherical aberrations are significant in this large aspect ratio diode. We
discuss the measured and calculated beam size and beam profiles, the effect of aberrations, quality
of vacuum, and secondary electron distributions on the beam profil20@ American Institute

of Physics. [DOI: 10.1063/1.142841]7

I. INTRODUCTION source and electronics, and the ESQ transport and accelerat-
ing section. Only the diode section was energized in the mea-
gurements discussed here. The injector diode is typically op-

beam of line charge density 0.25C/m. An ESQ injector erated as a triode, in which the extracting electrode acts as a

representing a single driver beam, has been in operation ?Y\”mhd -LO "?‘Ch'?xe ?AfaSt rse tmj[e’ ?Ie?tm egtractllon 'S {)her-
Lawrence Berkeley National Laboratory. Initially the injector '0'Med during the Marx generator flattop by puising the

produced a beam with adequate current and emittance, bgPyrce voltage positive with respect to the dome and extrac-
with a hollow intensity profile at the end of the ESQ section.t'on electrode. The beam pulse has recently been lengthened

Recent work on the injector has centered on studying thérom 2.0 to 4.54s.

behavior of the beam in the source and diode regions, and The source is a 10-.cm.—d|am spherically curved, hot
preparing the injector for the High Current Experiment porous-tungsten contact ionizer source at a temperature of
(HCX).2 about 1100°C. Maximum beam current density is space-

Careful attention to beam parameters in the diode is es(;harge limited to approximately 10 mA/éniTwo types of

sential to understanding downstream beam behavior. Specif|8r.‘ s?urces were gseﬁ n tth'st |'nv1.ast|gat|on:§r:ﬂ urrlunq-
issues include a comparison between measured and predict%'HC.a. § Source, and a Keontact lonizer source-he ailimi-
osilicate source was prepared by melting a thin layer of

beam current, beam size, beam profiles, and uniformity of OS"'c&t€ ; . L
emission P y aluminosilicate material kO+Al,03°4Si0O,, which is a syn-

thetic analog of the zeolite spodumene, to form a smooth
IIl. EQUIPMENT AND DIAGNOSTICS coating .on.the porous tungsten substrate of.the source. The
. . _ o contact ionizer source was prepared by applying a solution of
Figure 1 shows a cross-sectional view of the injectorK,CO; on the bare porous tungsten substrate. Baking at a
The injector is contained inside a pressure vessel that hous@smperature in excess of 500°C dissociates the carbonate,
the Marx generator, the high voltage dome containing the iond releases CO and GOThe potassium atoms are avail-

A typical heavy ion fusion driver concept has about 100
parallel beam channels with each channel transporting
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- » FIG. 4. Measured beam profiles for an 80 kV equivalentractoj beam at
Movable assembly an aexial distance of 2.54 cm, and EGUN predicted profitéck black
curve.

FIG. 2. Schematic diagram of the 32-channel Faraday cup array.

shows the configuration of the collectors. It was found nec-
able for emission as ions, and the remaining oxygen atomessary for proper operation of the FCA to take precautions to
can affect the work function of the source surface. A long-prevent infiltration into the beam of secondary electrons cre-
term solution based on this approach is to provide a continuated at the end plate of the diagnostic array.
ous feed of potassium ions.
The beam_ properties_were found to be sensitive 19, BEAM MEASUREMENTS
vacuum conditions. In particular, measurements made under
poor vacuum conditions tended to show spurious results, Measurements of the beam perveantéV{?) made
such as a large central spike in the beam profiles. Poowith a large Faraday cup at the end of the diode are shown in
vacuum can affect beam conditions by creation of secondarkig. 3. These are measurements of the beam current as the
electron distributions in the beam, and by charge-exchangeaccelerating voltagdV-Marx] and the extraction voltage
of beam ions. As a result, the operating pressure near tHe/-extractol were varied over as wide a range as possible.
source was reduced, by improved vacuum technique and rd-he actual measured beam currents in this study were in a
placement of a graphite Pierce electrode with a water-cooledery wide range, from 27 to 764 mA, as accelerating volt-
copper electrode, from the mid 1BTorr range to the mid ages ranged from 240 to 706 kV. They show good agreement
10"’ Torr range. with the EGUN simulation, as shown. The agreement pro-
The injector diode is instrumented with a large Faradayides clear evidence that the diode was operating at the
cup for beam current measurements, kapton films for bearapace-charge limit over a wide operating range.
image patterns, and a multiple Faraday cup a(F&yA). The A series of two-dimensional scans of the beam profile at
FCA consists of an array of small Faraday cups arranged ithe exit of the diode were made. Beam current density mea-
two orthogonal rows mounted in a single movable assemblysurements were taken at 36 angular positions and 16 radial
The collectors are staggered in radius with a center-to-centgositions to create the map. All 36 radial profiles for a scan
separation of 3.8 mm. The assembly can be rotated and trangnder typical operating condition are shown in Fig. 4. The
lated along the beam axis inside the ESQ column. Figure general features of the beam profiles are correctly modeled
(including the beam size and the presence of a raised rim,
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FIG. 3. Comparison between measured and predi€&lUN) beam cur-

rent in the diode for the 10-cm-diam aluminosilicate source. Dates of meaFIG. 5. RMS beam sizes(22)Y2 and 2y?)2 for measured beam profiles,
surements are indicated. compared to EGUN predictions.
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honeycomb grid. The dramatic loss of symmetry in the beam
profile on the left-hand side is attributed to the effect of
secondary electrons on the internal potential distribution of
the beam when the kapton is not properly shielded to prevent
the release of secondary electrons into the beam.

IV. DISCUSSION

Because of the relatively low current density of these
solid-state sources, beam brightness is strongly dependent on
emittance growth driven by aberrations in the diode and ESQ
regions. Measurements show normalized emittance growth
FIG. 6. Kapton images of beam. Each image represents exposure to abotfom that only due to the temperature of the source, to emit-
200 beam pulsega) Kapton film unshielded(b) film installed at the col-  tance measured at the end of the ESQ, of a factor of 4 or
lector of tne 'argel Fafadayl cup, Eem”d an electron ap and a hﬁ”eg’co”@reater‘f Emittance growth is due to several factors. It occurs
screen. The nearly vertical streaks are due to imperfections in the honey- . . . . L
comb material. In the d|oc_JIe, from gberratlon_-drlven r_longmformlty in the

beam profile, especially the high-density rim at the edge of

. . , ) , the beam. It also occurs in the ESQ section, predominantly
which is produced in the EGUN simulation by aberrations aty o 5 the energy effect and image charges on the ESQ elec-

the interface between the outer edge of the source and o5 Fyrther emittance growth can occur due to the non-
P|er§:e electrode However some det.alls of the profiles, in jinear electrostatic field energy of the nonuniform beam den-
particular the slope of the dls_trlbutlon, &S\ not acpu_ratel_ysity distribution. WARP-3D simulations indicate that the
reproducepl. Note that there_ IS some '?‘99“'6“ variation IrESQ dominates emittance growth. The ESQ has been rede-
beam profiles, as shown_ in Fig. 4. In additioneven when th%igned to reduce emittance growth by reducing radial excur-
tptal beam current remameq constant, th_ere WEre Some varlgiy g of the beam. Unfortunately it was not possible to sepa-
tions ffom scan to scan, Wh_'Ch could be mstrqmental effprtSrate the relative contributions of the diode and ESQ to
a mamfestatpn of change§ In vacuum properties at _the d'Od‘?e’mittance growth in the experiment because of the lack of
or thermal drift of mechanical components of the diode.  gpjttance measurements at the end of the diode. In the fu-

A summgry of RMS be?m. sizes is shown in F'|g. >, andture, a pepper-pot diagnostic will be installed to measure
compared with EGUN prediction of RMS beam size at thebeam divergence and emittance growth in the diode.

same axial location. The measured and calculated beam sizes

follow the same trend. '_I'he residual dlsag_reeme_nts may bﬁCKNOWLEDGMENT

related to disagreement in the current density profile, or other
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